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Purpose: We examined the use o f  venous duplex scanning (VDS) in the diagnosis o f  
pulmonary embolism (PE) at our institution. 
Methods: Patients undergoing lower extremity VDS from October 1988 through June 
1995 were cross-referenced with those who underwent ventilation perfusion (V/Q) scans 
and pulmonary angiography (PA) for PE. 
Results: A total of 664 of 3534 VDS were for "rule out PE." Deep venous thrombosis was 
found in 13%. A total of 256 VDS were in conjunction with V /Q scans in 249 patients, 
with only 8% undergoing PA. Deep venous thrombosis was present in 18% for those with 
both V /Q and VDS compared with 10% (p < 0.01) for those with VDS as the sole study. 
The order in which V/Q,  VDS, and PA were- obtained and the relationship of positive 
studies was examined. 
Conclusion: We found no pattern to the sequence of tests ordered. V /Q  scan rather than 
VDS should be the first study in the evaluation of PE. PE was diagnosed or excluded in 
nearly one third of patients based on V /Q as the initial study. A total of 29% of VDS could 
have been avoided. Treatment could be determined on the basis of VDS as the initial study 
in only 13%. We found only 14% incidence of positive PA in patients with nondiagnostic 
V /Q  scans. We advocate judicious use of diagnostic tests in a stepwise fashion to 
appropriately treat patients with suspected PE. (J Vasc Surg 1996;24:768-73.) 
Pulmonary embolism (PE) is a significant cause of 
morbidity and mortality in the United States each 
year. An estimated 600,000 symptomatic cases of PE 
occur each year, contributing to nearly 200,000 
deaths annually. ~,2 The signs and symptoms of PE are 
so nonspecific that the clinical diagnosis of PE remains 
inaccurate, being made correctly in less than 35% of 
autopsy-proven cases. 3-5 Pulmonary angiography 
(PA) is the gold standard for diagnosis of PE, but it is 
an invasive procedure with associated risks. Further- 
more PAls not a good screening test, because l ss than 
50% of patients uspected of having PE have abnormal 
pulmonary angiography. 6-1° The most commonly 
used screening method for the diagnosis of PE is the 
ventilation-perfusion (V/Q)  scan. The Prospective 
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(HOPED)  study has shown the limitations of V /Q  
scan, particularly with nondiagnostic studies. 7 
Because V /Q scans are inaccurate and because 
most PE cases are believed to originate from deep vein 
thrombosis (DVT) of the lower extremities, 11 the 
diagnosis of lower extremity DVT has been advocated 
to be an important adjunct o the diagnosis ofPE. 12,14 
Venous duplex scanning (VDS) is now the most 
commonly used method for the diagnosis of DVT. 
The accuracy of VDS for lower extremity DVT has 
been cited to be as high as 98%. 15'16 Unfortunately, 
negative venous tudies are found in greater than 50% 
of pulmonary embolism cases. 17,is Also, lower ex- 
tremity VDS cannot reliably rule out a thrombus in 
the inferior vena cava, iliac, or pelvic veins. In addi- 
tion, upper extremity DVT is an increasingly recog- 
nized source o f  PE. 19 
The vascular laboratory at our institution has been 
increasingly used over the past several years to assist in 
the diagnosis of PE with VDS. Limited resources (i.e., 
number of  technologists, expense of overtime) in the 
vascular laboratory and the large numbers of negative 
VDS studies for the diagnosis of PE led to this review 
of the workup of PE in our institution with lower 
extremity venous duplex studies. 
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Table I. Venous duplex scans October 1988 
to June i985 
No. Percent 
Total 3534 
Negative 2784 78.8 
Acute DVT 660 18.7 
Chronic DVT 66 1.8 
Equivocal 24 0.7 
Table II. Venous duplex scan result by 
V /Q category 
VQ result No. (% of V/Q) Positive D VT (%) 
High 49 (19) 21 (43) 
Nondiagnostic 183 (71) 23 (13) 
Normal 24 (9) 2 (8) 
VDS Alone 408 (no V/Q) 4i 
METHODS 
Vascular laboratory charts of all patients undergo- 
ing lower extremity VDS from October 1988 
through June 1995 were reviewed at our institution. 
These files were cross-referenced with nuclear medi- 
cine and interventional r diology files to determine all 
patients who also underwent V /Q  scans and pulmo- 
nary angiography to rule out pulmonary embolism. 
Hospital charts of all patients who underwent VDS 
and V /Q or PA studies were then reviewed. 
Venous duplex scanning was performed in bilat- 
eral lower extremities of all patients referred to rule 
out PE. No attempts were made to obtain images of 
the inferior vena cava, iliac, or arm veins unless 
specifically requested. All studies were done after a 
careful history was taken by the registered vascular 
technologist, particularly with reference to DVT risk 
factors. No attempts were made to find out the results 
of antecedent PE workup. All VDS studies were 
performed with either a Quantum QAD-1 (Quan- 
tum, Issaquah, WA) or ATL Ultramark 9color duplex 
scanner (Advanced Technology Laboratories, Both- 
ell, WA). Frequency probes used ranged from 3.5 
MHZ to 10 MHZ depending on the size of the 
patient's lower extremity. Venous Doppler interroga- 
tion and compression maneuvers were performed on 
all lower extremity deep vein segments. Video tape 
recordings were made for review. 
RESULTS 
From October 1988 through June 1995, 3534 
venous duplex scans of the lower extremities were 
performed, 2112 (60%) in female and 1422 (40%) in 
male patients. Six hundred sixty-four of these xami- 
nations had "rule out pulmonary embolism" as the 
primary indication for the study. 
The results of these xaminations are summarized 
in Table I. Overall, positive studies (indicating the 
presence of acute deep venous thrombosis) were 
noted in 660 (19%) out of 3534 studies. Of the 
subgroup of 664 scans obtained for "rule out PE," 87 
were positive, for an incidence of 13%. 
VDS was the only diagnostic examination per- 
formed for "rule out PE" in 408 (61%) of these 664 
studies. Two hundred fifty-six (39%) VDS were per- 
formed in conjunction with V /Q  scans in 249 pa- 
tients. Pulmonary angiography was performed inonly 
20 (8%) of the 256 patient studies. An additional 20 
patients during this time period had PA after V /Q  
scan without VDS. A comparison of VDS and V /Q 
scan results is summarized in Table II. Intermediate 
and low-probability V /Q  scans are combined as a 
"nondiagnostic" category. The incidence of positive 
venous duplex scans was 18% for the group that had 
both V /Q and VDS compared with 10% for the group 
with VDS as the sole diagnostic modality (p < 0.01). 
The order in which V/Q, VDS, and PA were 
obtained and the relationship of a positive VDS to the 
results of the V /Q scan are demonstrated in Table III. 
Forty-one V /Q and VDS were ordered simulta- 
neously. These were counted in the VDS before the 
V /Q group. 
Thirty-nine (80%) of the patients with high- 
probability V /Q  scans underwent VDS after V /Q  
scan. Sixteen (40%) of these patients had DVT. Nine 
(18%) had VDS before they underwent a high- 
probability scan; of these, five (56%) had DVT by 
VDS. In the high-probability V /Q  group one (2%) 
patient had a PA that was positive for PE, which was 
obtained after a negative VDS. In the group of 
patients with PA and V /Q without VDS, one patient 
with a high-probability scan had PE confirmed by 
angiography. 
In the normal V /Q  group 13 (54%) patients had 
VDS after V/Q, and one (11%) had DVT. Eleven 
(46%) VDS were performed before a normal V /Q  
scan was obtained. One (9%) study was positive for 
DVT. No patient with a normal V /Q  underwent PA. 
In the group of patients with PA and V /Q without 
VDS, one patient underwent a negative PA after a 
normal V/Q. 
In the intermediate group 42 (62%) patients had 
VDS after V/Q, of whom four (10%) had DVT. 
Eleven (16%)patients had VDS before an intermedi- 
ateV/Qwas performed, one (9%) of whom had DVT. 
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Table III. Sequence of studies by V /Q category 
Total (% category) + VDS (%) +PA 
High-probability V /Q  
VQ/VDS 39 (80) 16 NA 
VDS/VQ 9 (18) 5 NA 
VQ/VDS/PA 1 (2) 0 0 
VQ/PA/VDS 0 0 0 
VDS/VQ/VA 0 0 0 
Total 49 21 (43) 1 
Normal V /Q  
VQ/VDS 13 (54) 1 NA 
VDS/VQ 11 (46) 1 NA 
VQ/VDS/PA 0 0 0 
VQ/PA/VDS 0 o 0 
VDS/VQ/PA o o o 
Total 24 2 (8.3) 0 
Intermediate-probability V /Q  
VQ/VDS 42 (62) 4 NA 
VDS/VQ 11 (16) 1 NA 
VQ/VDS/PA 9 (13) 0 0 
VQ/PA/VDS 4 (6) 1 3 
VDS/VQ/PA Z (3) 0 1 
Total- 68 6 (8.8) 4 
Low-probability V /Q  
VQ/VDS 67 (58) 8 NA 
VDS/VQ 44 (38) 9 NA 
VQ/VDS/PA 2 (2) 0 0 
VQ/PA/VDS 2 (2) 0 0 
VDS/VQ/PA 0 0 0 
Total 115 17 (14.7) 1 
Nine (13%) had V /Q as the initial study followed by 
VDS and then PA; all PA and VDS were negative. 
Four (6%) patients had V /Q as the initial study 
followed by PA with subsequent VDS. Three PAs 
were positive; one (16%) patient had DVT, and three 
did not. Two (3%) patients had VDS as the initial 
study, followed byV/Q and then PA, none had DVT, 
and one had PE by PA. In the group of patients with 
PA and V /Q without VDS, 16 PAs were performed in
patients with intermediate lung scans, two (13%) of 
which were positive for PE. 
In the low-probability V /Q  group 67 (58%) 
patients had VDS after V/Q,  of whom eight (12%) 
had DVT. Forty-four (38%) patients had VDS before 
a low-probability V /Q  scan was done, nine (20%) of 
whom had DVT. Two (2%) of the patients had V /Q 
with subsequent egative VDS and then PA; both 
were negative for PE. Two (2%) of the patients had 
V /Q as the initial study and then underwent PA 
followed by VDS. Both PAs and both VDS were 
negative. In the group of patients with PA and V /Q 
without VDS, both patients with low-probability 
scans had a negative PA. 
DISCUSSION 
An algorithm has been recently proposed in the 
literature for the diagnosis of pulmonary embolism) 3 
This algorithm relies on clinical suspicion, the V /Q 
scan, noninvasive venous studies, and pulmonary 
angiography. The V /Q scan has traditionally been 
used as a primary screening modality for the diagnosis 
of pulmonary embolism. Its sensitivity and specificity 
compared with those of pulmonary angiography were 
determined primarily by the PIOPED Study. 7This 
multicenter trial showed that only 4i% of patients 
with PA-proven PE had a high-probability V /Q  scan. 
Overall, 88% of the patients with a high-probability 
V /Q  had pulmonary embolism by PA. The overall 
sensitivity and specificity of the high-probability scan 
wcre 41% and 97%, respectively. 
PIOPED also showed 33% of patients with an 
intermediate probability V/Q,  16% with a low- 
probability V/Q,  and 4% with a near-normal/nor- 
mal V /Q  had PA-proven PE. A high clinical sus- 
picion for PE combined with a high-probability scan 
had a positive predictive value of 96%. The negative 
predictive value of a low-probability scan rose to 
96% when combined with a low clinical suspicion 
of PE. A normal V /Q  scan virtually excluded the 
diagnosis of PE. 
Most patients in PIOPED fell into the intermedi- 
ate or low-probability scan groups. Seventy-one per- 
cent of the V /Q scans in our study fell into this 
nondiagnostic category. V /Q  scans that were neither 
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high probability nor normal were considered nondi- 
agnostic .20 
Clearly, additional studies are necessary for diag- 
nosis in patients with nondiagnostic V /Q  cans. The 
algorithm by Oudkerk et at.13 recommends V /Q as 
the initial diagnostic study in patients highly sus- 
pected of having PE. This algorithm treats all patients 
with high-probability scans and does not treat pa- 
tients with normal scans. If lung scans are nondiag- 
nostic, VDS is obtained. IfVDS is negative, patients 
then undergo pulmonary angiogram, and treatment 
is determined by these findings. If venous tudies are 
positive, treatment is initiated. Several studies with 
VDS performed after nondiagnostic V /Q  scan have 
shown that pulmonary angiography can be avoided in 
15% to 40% of patients.12,13 One argument against this 
algorithm and its purported cost-effectiveness i  that 
it is not applicable to institutions with a lower preva- 
lence of DVT. 21 
At our institution patients with nondiagnostic 
lung scans had a 13% incidence of DVT. Seventy-five 
(30%) VDS studies were performed before V/Q, 16 
(21%) of which had DVT. Proceeding with V /Q  after 
a positive VDS should be discouraged, because pa- 
gents with DVT above the knee are routinely treated 
with anticoagulation r inferior vena cava filters to 
prevent PE. Of note is that we recommend antico- 
agulation and serial venous duplex scanning, ifDVT is 
found in calf veins in patients at high risk. Obtaining 
a V /Q  scan after a positive VDS is an unnecessary use 
of resources. 
On the basis of our institutional experience we 
agree with other authors who recommend that V /Q  
scan rather than VDS should be the initial imaging 
study in the evaluation of PE. In our review 29% of 
patients had either a high-probability or normal V /Q  
scan. Thus PE was ruled in or ruled out in nearly one 
third of patients. Further imaging studies could be 
avoided in this group of patients. 
Our review indicates that many VDS are unnec- 
essarily obtained in the diagnosis of PE. Eighty 
percent of the patients with high-probability scans 
had sub;equent VDS. In this retrospective study it 
was difficult to ascertain the level of clinical suspi- 
cion. However, HOPED showed only 3% of patients 
had a high-probability scan with a low clinical sus- 
picion. Therefore if 3% of our 49 high-probability 
scans had a low clinical suspicion, only one to two 
patients would have needed aVDS for further treat- 
ment decisions, thus avoiding the need for 47 VDS. 
There is no need to pursue further imaging tests in 
patients with high-probability V /Q  unless clinical 
suspicion is low. 
Algorithm for the Diagnosis of Pulmonary Embolism 
V/Q 
High Probability Nondiagnostic Normal 
I I I 
treatment VDS no treatment 
positive negative 
I I 
treatment PA 
positive negative 
I I 
treatment no treatment 
Fig. 1. Algorithm for the diagnosis of pulmonary 
embolism. 
In addition, i3 patients had VDS after a normal 
V /Q  scan. HOPED has shown that this class of scan 
virtually rules out PE. One of 13 patients in our study 
did have DVT. This patient had a history of re- 
cent trauma to the affected leg with associated leg 
symptoms. 
Seventy-five VDS were obtained before V /Q 
scan, 16 ofwhich were positive for DVT. Fifteen of the 
positive DVTs would have been treated appropriately 
by the proposed algorithm. Five positive VDS were in 
the high-probability V /Q  scan group, and therefore 
these VDS would not have been performed. Ten had 
eventual nondiagnostic V /Q  scans that would have all 
undergone VDS by the proposed algorithm. The one 
patient with DVT and a normal V /Q  scan had a 
history of DVT and associated leg symptoms. By the 
proposed algorithm only 55 of these 75 VDS would 
have been performed, because 55 nondiagnostic 
V /Q  scans were in this group. Furthermore the 16 
V /Q scans obtained after positive VDS seem unwar- 
ranted, because they are not likely to alter therapy. 
It is apparent at our institution that clinicians are 
reluctant to proceed with pulmonary angiography. A 
total of 40 pulmonary angiograms were obtained 
during the study period, only 20 of which met study 
entry criteria, that is, V/Q, VDS, and possible PA. PA 
was performed after 18 (10%) of the 183 nondiag- 
nostic scans were performed in the study group. 
Three (17%) were positive for PE. Two of the 20 PAs 
in the study could have been avoided on the basis of 
V /Q  results and the algorithm. One PA was per- 
formed after high-probability V /Q  scan. The other 
PA was performed after an intermediate V /Q  scan, 
and then a positive VDS was obtained after the PA. If 
the VDS had been done after the V/Q, no PA would 
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have been necessary. An additional two of the 20 PAs 
not meeting study criteria also could have been 
avoided on the basis of the results of the V/Q. One PA 
confirmed PE in a high-probabilityV/Q scan, and the 
other uled out PE after a normal V /Q  scan. 
By following the algorithm any patient with a 
nondiagnostic V /Q  should undergo aVDS, and if 
this finding is equivocal or negative, then a PA should 
be obtained. However, at our institution we do not 
recommend PAafter a low-probability V /Q  scan with 
a low clinical suspicion, because PIOPED showed 
that low clinical suspicion combined with low prob- 
ability has a negative predictive value of 96%. 
In our study group VDS was positive in 23 (13%) 
of 183 nondiagnostic scans. In addition, in the 
nonstudy PA group (those without VDS) 18 of the 20 
patients had nondiagnostic V /Q  scans. We postulate 
that two (13%) to three patients of this group would 
have had DVT by VDS and would have avoided 
angiography. 
We have found from the previous retrospective 
chart review that 73 (29%) of 256 VDS could have 
been avoided at our institution. By following the 
algorithm (Fig. 1) 53 VDS would have been avoided, 
because they were performed after high-probability 
ornormal V /Q  scans. Twenty VDS done before V /Q 
scan could have been avoided on the basis of subse- 
quent high-probability and normal results. 
Four hundred eight VDS were obtained with a 
request of "rule out PE," and no further diagnostic 
study such as V /Q  or PA was obtained. Ten percent 
of these studies were positive for DVT. We assume 
that in the other 90% the clinical suspicion for PE 
was too low to warrant further workup by the 
clinician, and thus 367 VDS could likely have been 
avoided. During the study period none of these 367 
patients returned to our institution and received 
either V /Q  scan or pulmonary angiography; thus we 
can safely assume that no live patient returned with 
PE. We unfortunately do not have autopsy data to 
confirm our suspicion that none of these patients 
died of PE. 
At our institution pulmonary angiography is likely 
underused inpatients with nondiagnostic V//Q scans 
and negative VDS. From previous tudies we know 
that 20% to 30% of patients with nondiagnostic V /Q  
scans have PE proven on angiography. 7,12,23 Our 
review revealed five (14%) of 37 positive PAs in 
patients with nondiagnostic V /Q  scans. In addition, 
an autopsy study in New Mexico 4 demonstrated that 
66% of patients who die of PE do not have it 
diagnosed before death. With the use of the algorithm 
patients will be appropriately sent for PA, and unnec- 
essary PA will be avoided. 
In patients with a high clinical suspicion of PE 
we advocate arly anticoagulation a d immediate 
V /Q scan. We believe that VDS performed before 
V /Q scan has a low yield when performed to rule 
out PE. Close to one third of patients in the study 
could have had a diagnosis to rule out or rule in PE 
on the basis of a single study, the V /Q scan. Treat- 
ment could be determined on the basis of VDS as 
the initial study in only 13% of patients. We advocate 
judicious use of diagnostic tests in a stepwise fashion 
to appropriately treat patients with suspected pul- 
monary embolism. 
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